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Abstract—The Eleven antenna is a log-periodic folded-dipole-
pair array which has two unique radiation characteristics:
constant beamwidth and ﬁxed phase center location over decade
bandwidth. Therefore, the Eleven antenna is very suitable as a
feed for reﬂector antennas. This paper presents a new compact
design of 1.2 - 10 GHz Eleven antenna by folding down the
outermost elements of the array. By doing so, it is possible to
put the Eleven feed inside a compact cryostat, which is critical
for applications in radio telescopes. The new compacted Eleven
antenna has only 40% volume of the original standard Eleven an-
tenna with similar performance. Simulations and measurements
have veriﬁed the design and are presented in the paper.
I. INTRODUCTION
Large decade-bandwidth radio telescopes provide many
advantages over the narrow band ones: super-sensitivity, simul-
taneous multi-channel observations, time-response observa-
tions, and etc. Many proposals for the future radio astronomy
requires such wideband systems, for example, 1-10 GHz mid-
frequency dish array of the SKA (Square Kilometer Array)
[1] and 2-14 GHz reﬂectors for VLBI2010 (Very Long Base-
line Interferometry 2010) [2]. One important issue in radio
telescopes is that the system must have an extremely low
system noise temperature (about 35 K). Therefore, integrated
and cryogenically-cooled LNAs and feed are critical in both
VLBI2010 and mid-frequency SKA systems. In addition, the
feed and its cryogenic chamber (cryostat) should be suf-
ﬁciently compact in order to ﬁt in the focal area of the
reﬂector with minimum blockage of the reﬂector aperture.
Consequently, size and cryogenic cooling concerns (such as
out-gassing and thermally-induced mechanical stress) play
important roles in the design of decade-bandwidth feeds for
VLBI2010 and SKA radio telescopes.
The Eleven antenna is a decade-bandwidth log-periodic
dual-dipole array, developed at Chalmers University of Tech-
nology (Chalmers) since 2005. It has two unique radiation
characteristics: constant beamwidth and ﬁxed phase center
location over decade bandwidth. In addition, it has low proﬁle
and simple geometry. Therefore, the Eleven antenna is a
perfect candidate for decade bandwidth feed for reﬂectors for
radio telescopes, which has been demonstrated in [3]-[12].
In addition to applications in radio telescopes, the Eleven
antenna can be used in other areas, e.g., to produce the
radiation patterns with nulls on axis required for mono-pulse
Fig. 1. Array conﬁguration of the 1.2 - 10 GHz Eleven antenna
tracking in e.g. satellite communication terminals [13], and
ultra-wideband MIMO antenna [14], and digital television
antenna [15] . In some applications it may also be advanta-
geous to combine the Eleven antenna with a centrally located
high frequency horn in order to reach Ka-band, as monitoring
antennas in satellite communication systems, see [16].
The purpose of this work is to design a compact 1.2 - 10
GHz Eleven feed for SKA project, which ﬁts in the same
cryostat as the 2 - 13 GHz Eleven feed for VLBI2010 [12]. The
compacting is done by folding down the outermost three non-
radiating elements in the array. Measurements have veriﬁed
the design which is carried out with the simulations by CST
MS [17].
II. COMPACTING THE ELEVEN ANTENNA BY FOLDING
DOWN OUTERMOST ELEMENTS
The Eleven antenna consists of four petals of cascaded
log-periodic array for dual polarizations. Each petal of the
standard non-compacted array conﬁguration for the 1.2 - 10
GHz Eleven feed is shown in Fig. 1, which is created by the
same geometry parameters (scaling factor 𝑘, length and widths
of the folded dipole in term of wavelength 𝐿,𝑤, and height of
the dipoles over the ground plane ℎ, etc.) as those used in the
2 - 13 GHz Eleven feed presented in [12]. The reason for this
is that we want to use the same center puck, feeding network
(a) 90∘ bent folding
(b) Curve bent folding
Fig. 2. Folding the outer elements for compacting the 1.2 - 10 GHz Eleven
feed.
and ports for both the 1.2 - 10 GHz and 2 - 13 GHz Eleven
feeds. The center operating frequencies for the last 6 elements
(folded dipoles) are shown in Fig. 1, where it can be seen that
the outermost 3 elements will radiate at the frequencies below
the low end of the frequency band of 1.2 - 10 GHz. In other
words, the outermost 3 elements are non-radiating elements
for the band of 1.2 - 10 GHz. The function of these outermost
3 non-radiating elements is to create a termination of the log-
periodic array in order to have the same radiation performance
at the lower end of the band as at the rest frequency points
and a good input reﬂection coefﬁcient over the total operating
band [18].
Since the outermost 3 elements are non-radiating ones, it
is possible to re-arrange them to have a compact geometry
while keeping the same performance for the array. Two re-
arrangements have been tested: 90 degree bent folding and
curved bent folding, as shown in Fig. 2. Note that in order to
present the re-arrangements clearly, we show in the ﬁgure a
cut through half of the geometry of the whole array for single
polarization.
Mainly due to mechanical considerations and manufacture
cost, the 90 degree bent folding was chosen. Then, a global
optimization scheme, implemented in a Genetic Algorithm,
was applied to optimize the geometry of the three outermost
folded dipoles. The rest of the array is kept the same as that in
the previous 2 - 13 GHz Eleven feed during the optimization.
The GA optimization could be carried out efﬁciently because
the optimization of the outermost three elements concerns
performance only at the low frequencies, corresponding to
1 - 3 GHz. Fig. 3 shows a mechanical drawing of the ﬁnal
optimized geometry of the antenna.
A comparison of the volume between the standard Eleven
feed design and the present compact design is shown in Fig. 4.
It can be seen that the compact design has only 40% volume
of the standard one. Therefore, the same compact cryostat for
2 - 13 GHz Eleven feed can be used for the 1.2 - 10 GHz
feed.
Fig. 3. Final geometry of the 1.2 - 10 GHz Eleven feed after optimization.
Fig. 4. Compact 1.2 - 10 GHz Eleven feed has only 40% volume of the
standard one.
III. SIMULATED AND MEASURED RESULTS
The manufactured hardware of the compact 1.2 - 10 GHz
Eleven feed with a cylinder emulating the cryostat is shown
in Fig. 5. The measurement setup in anechoic chamber for the
radiation patterns of the antenna is shown in Fig. 6.
The measured and simulated reﬂection coefﬁcients of the
Eleven feed are shown in Fig. 7. It can be observed that the
measured reﬂection coefﬁcient is below -10 dB over the most
part of the 1.2 - 10 GHz band, and there are only a few peaks
above the -10 dB level, and all of them are below -8 dB.
Fig. 8 shows the measured and simulated co- and cross-
polar radiation patterns in 45∘ plane. It can be seen that the
beamwidth of the pattern is nearly constant. The agreement
between the measurements and the simulations is OK in
general. Some discrepancy may be caused by the measurement
setup, specially the cross-polar level in the far-out region. We
are in the process of investigating the reasons in order to have
better agreement.
Fig. 9 presents the simulated sub-efﬁciencies for the 1.2 - 10
GHz Eleven feed when it illuminates a parabolic reﬂector with
a subtended angle of 2× 60∘. The BOR1 efﬁciency requores
expensive and extensive measurements of the radiation ﬁeld
Fig. 5. Photo of the hardware of the compacted 1.2 - 10 GHz Eleven feed
with a cylinder emulating the cryostat.
Fig. 6. Set-up for radiation pattern measurement for the new Eleven feed.
in many 𝜙-planes. Therefore, we have not yet measured data
for efﬁciencies yet. From the previous experience we had in
[12], we believe that the simulated sub-efﬁciencies are reliable.
Then, the ﬁgure states that the 1.2 - 10 GHz Eleven feed has
good efﬁciencies, such as almost 0 dB phase efﬁciency 𝑒𝜙,
better than -0.2 dB polarization efﬁciency 𝑒𝑝𝑜𝑙, better than -
0.4 dB spillover efﬁciency 𝑒𝑠𝑝, about -0.5 dB BOR1 efﬁciency
𝑒𝐵𝑂𝑅1 except at 1.2 GHz, almost constant illumination efﬁ-
ciency 𝑒𝑖𝑙𝑙, and better than -2.5 dB total aperture efﬁciency
𝑒𝑎𝑝.
IV. CONCLUSION
The paper presents a new compact design of 1.2 - 10
GHz Eleven feed by folding down the outermost elements.
Therefore, the feed can be set in a compact cryostat, which
minimizes the blockage and reduces the requirement for cryo-
genical cooling system. The reﬂection coefﬁcient is below -10
dB over the most part of the band with a few peaks below - 8
dB. The radiation patterns are kept as the same as a standard
Eleven feed: constant beam width and low cross polar level.
The method of compacting design can be also applied to other
log-periodic array antennas.
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Fig. 7. Measured and simulated reﬂection coefﬁcients of the compacted 1.2
- 10 GHz Eleven feed.
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Fig. 8. Measured and simulated co- and cross-polar radiation patterns in
45∘ plane.
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